The draft genome sequence of Italian specimens of the Asian tiger mosquito Aedes (Stegomyia) albopictus (Diptera: Culicidae) was determined using a standard NGS (next generation sequencing) approach. The size of the assembled genome is comparable to that of Aedes aegypti; the two mosquitoes are also similar as far as the high content of repetitive DNA is concerned, most of which is made up of transposable elements. Although, based on BUSCO (Benchmarking Universal Single-Copy Orthologues) analysis, the genome assembly reported here contains more than 99% of protein-coding genes, several of those are expected to be represented in the assembly in a fragmented state. We also present here the annotation of several families of genes (tRNA genes, miRNA genes, the sialome, genes involved in chromatin condensation, sex determination genes, odorant binding proteins and odorant receptors). These analyses confirm that the assembly can be used for the study of the biology of this invasive vector of disease.
Introduction
Aedes albopictus, the Asian tiger mosquito native in Southeast Asia, depicts a very aggressive host seeking and biting behaviour that causes a high degree of nuisance and, most significantly, it also acts as a vector for several important diseases such as arboviral (e.g. dengue virus, West Nile virus, chikungunya virus) and other parasitic (e.g. dirofilaria) infections. 1 Ever since its presence was recorded in Albania 2 and Italy 3 in the mid 1970s and late 1980s, respectively, there have been increased voices asking for intensified monitoring in order to prevent a potential re-emergence of dengue fever in Europe. Indeed, a major dengue fever epidemic in Greece occurred about 90 years ago: two back-to-back dengue fever epidemics, transmitted by Aedes aegypti (Stegomyia fasciata), resulted in almost one million cases and, officially, 1553 deaths mostly in Athens. [4] [5] [6] Since then, vectors of dengue fever were only occasionally reported in Europe. A. aegypti for example, which was first recorded in Macedonia 7, 8 and was then found throughout Greece, 9 was never again collected there, even in systematic searches, following the DDT-based malaria eradication campaign that took place in the 1950s. 10 In spite of the absence of dengue fever's classical vector, the recent continentwide invasion of the Asian tiger mosquito 11 has prominently included this disease in the agenda of European control agencies. The spread of A. albopictus in Europe, and in particular in Italy, seems to have originated from the Americas, whose invasion is assumed to have occurred less than a decade earlier. 12, 13 Most, if not all movements of this species across continents are assumed to be the result of worldwide trade, especially, that of used car tyres.
14 By now, wild
Asian tiger mosquito specimens have been isolated in a large number of countries in all continents with the exception of the Antarctic (see 15 for a map of its current global distribution). Although European disease control agencies feared the imminent re-emergence of dengue fever, it was, first, a small epidemic caused by a different arbovirus, chikungunya virus (CHIKV) that was attributed to transmission by A. albopictus. In the summer of 2007, a few hundred people near the coast of Emilia-Romagna, Italy, were infected with the CHIKV virus (reviewed by Tomasello and Schlagenhauf 16 ). This was followed, indeed, by several isolated cases of dengue fever in different locations in Europe, and an epidemic outbreak of the disease did then occur in Madeira. 17 It should be noted, of course, that although it belongs to Portugal, Madeira is located about 900 km southwest of continental Europe. The present situation is certainly not dramatic from the public health point of view, at least not in terms of the actual cases of diseases transmitted by A. albopictus. It is clear, though, that to keep it from becoming worse, measures have to be taken, ideally in the sense of a potential eradication of A. albopictus from Europe the soonest possible. This implies a boosted investment in the research on the biology of the Asian tiger mosquito, especially in its European environment. 18 There has been an increased emphasis in the study of 'European' tiger mosquito 'strains', mostly referring to its population biology and ecology. 15 As members of the European Infravec Consortium, 19 we decided to shift gears and to determine the sequence of specimens of A. albopictus isolated from the wild in Italy. This would provide an additional advantage, namely the possibility to compare its 'post-invasion' genome to the genome of Asian specimens once this is publicly available (Xiaoguang Chen, Anthony A. James, et al., personal communication) as well as the genome of a strain isolated in the South Indian Ocean island of La Réunion. 20 Although the time frame of the establishment of the species in Italy is extremely short in an evolutionary scale (probably v30 years), it is a fact that the Asian tiger mosquitoes in this country have gone through one, and possibly two major bottlenecks. These bottlenecks occurred during their probable initial transfer from East Asia to the United States, followed a few years later by the second transfer to Italy. Furthermore, the mosquitoes may have been crossed to insects that arrived in Italy from other geographic locations such as, for example, Albania. This could have happened both in the field and, possibly, even in the laboratory, during the process of establishing the strain Fellini, which was utilised as the source of biological material in the study reported here. 21 We report here the determination of the whole genome sequence of the Fellini strain of A. albopictus, as well as its preliminary characterisation. We discuss the assembly obtained, present several examples of annotated genetic features (gene families and repetitive elements) and also discuss the reasons for the difficulties in obtaining a higher quality assembly.
Materials and Methods

Biological material and preparation of genomic DNA
The strain Fellini (a.k.a. Rimini) was used for the determination of the genome sequence. This was derived from 500 eggs collected in 2004 with ovitraps in an urban environment from the northern Italian city of Rimini (44u u039240 N 12u u339520 E, Romeo Bellini, personal communication). At generation 40, 10 000 eggs were transferred to Imperial College. Multiple rounds of isofemale selection to reduce heterozygosity of the colony were carried out. At generation 73 about 3800 larvae (stage L4) were collected and total genomic DNA was extracted in batches of 15-25 using 
Determination of genome size
The genome size of the Fellini strain was estimated at 0.94 Gb using a real-time PCR-based method.
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A series of ten-fold dilutions of known concentration of a linearised plasmid containing the amplicon sequence corresponding to part of the A. albopictus G6PDH gene identified from RNA-seq data (Genbank/EMBL Accession Nr KT279821) was monitored in real-time using a MiniOpticon (Bio-Rad). As the length of the amplicon was known, the concentrations of the dilutions could be calculated as copies per microlitre. Comparison of the calibration curve of the C T values derived from the standard dilution series with those derived from the same G6PDH amplicon in genomic A. albopictus DNA samples of known concentration, permitted the absolute number of target gene copies to be calculated, and hence the genome size.
Library preparation and next generation sequencing
Mate-Pair (MP) and Paired-End (PE) libraries were prepared using Nextera Mate-Pair and Nextera DNA Sample Preparation kits (Illumina, San Diego, CA, USA), respectively, starting from one microgram of gDNA for MP and 50 ng of gDNA for the PE libraries; the manufacturer's instructions were used. A total of 14 libraries were generated (seven for each type). Mate-Pair and PE libraries were then separately pooled and clustered on eight different lanes of one HiSeq PE Flow Cell v3 (Illumina, San Diego, CA, USA). Library quality control was performed on a 2100 Bioanalyzer using a High Sensitivity DNA chip (Agilent Technologies). The libraries were quantified using Qubit dsDNA BR Assay (Life Technologies) and by qPCR using the Illumina library quantification kit (Kapa Biosystem). The sequencing was performed on Illumina's HiSeq1500 with a 2|93 cycling. The whole sequencing run generated 252 Gb (94% iQ30). The pairedend library had a 60| coverage and an insert size equal to 400 bp.
To determine the average insert size of the MP library to be used for scaffolding, we mapped all 438 867 831 reads included in the contigs of the Mi and So assemblies (see Assembly) with a size of 10 Kb or larger (256 and 218 contigs, respectively) using Seqmap 23 allowing no mismatches. We then identified the respective mate pairs that could be mapped within the same contig and calculated the distance between the two reads.
Small RNA sequencing
The protocol described by Friedlä nder et al. 24 was followed. Essentially, total RNA was prepared from 30 whole 4-to 5-day-old mosquitoes using TRIzol (Invitrogen) according to manufacturer's protocol. Males, sugar-fed females and blood-fed females (1 day post feeding) were sampled. Three independent biological replicates for sugar fed and two for blood-fed mosquitoes were used for the small RNA library preparation. Strand-specific cDNA libraries with different barcodes (six base index) were generated using a TruSeq Small RNA kit (Illumina). Small RNA library was validated with 2100 Bioanalyser (Agilent) and sequenced with MiSeq (illumina). Adaptor and index sequences were extracted from the Miseq raw data.
Assembly
For the assembly of the reads, we used a 64-core cluster with a total of 512 Gb of RAM. After having tested a number of software/assemblers (e.g. Velvet, 25 ABySS
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), we decided to proceed with SOAPdenovo, 27 which produced the most qualitative result. Due to hardware limitations, we divided the PE reads into two groups named Mi and So, each one containing half of the initial reads (i.e. each one containing *625 million reads or a 30| genome coverage each). We then assembled them individually and subsequently used the MP library for the scaffolding procedure. Following this, the two assemblies were merged, a procedure that included the removal of redundant contigs as well as all contigs that were shorter than 260 bp (see Results and Discussion section). The assembly was concluded by building scaffolds using, again, SOAPdenovo. Assemby 1.0 (see Results and Discussion) was submitted to the NCBI with the BioProject ID number PRJNA289460. Given the relatively poor statistics of the assembly obtained, we assessed its overall inclusiveness/completeness by performing a BUSCO analysis. 28 
Annotation
The automatic annotation of the genome was performed using the MAKER pipeline. 29 In an attempt to provide more evidence to the pipeline for the annotation process, we have used, within MAKER, evidence from publicly available A. aegypti ESTs as well as from RNA-seq data of male and female antennae (Fellini strain, Gomulski, Gasperi et al., manuscript in preparation), and female antennae and palps, whole females and male heads isolated from a strain of A. albopictus established in 2012 from wild mosquitoes collected in Rome (Arcà et al., manuscript in preparation). In addition to the automatic annotation, a group of collaborators working on different research areas are currently working towards the manual annotation of the genome. A summary analysis of some of these data is reported here in order to provide an assessment of the quality of the genome assembly. Further details will be published in a series of manuscripts that will follow. For the manual annotation of the following gene families the specifics are as follows.
Manual annotation of specific genes
Masking and identification of repetitive sequence elements To mask the repeats present in the assembly, we used the MAKER pipeline 29 ). For the A. aegypti genes, we utilised the longest protein sequence, in case of multiple isoforms for a given gene, except for the dsx and fru orthologues for which we utilised the full protein sequence of each sex-specific isoforms.
Salivary gland genes
Salivary proteins/cDNAs previously identified in A. albopictus 51 and A. aegypti 52 were mapped to the genome using the BLAT tool, 53 and compared to other databases using BLASTX or RPS BLAST. 54 Results are displayed in a hyperlinked spreadsheet as previously described. 55 Manual annotation of salivary genes was done with the tool Artemis. 56 
Results and Discussion Assembly
We obtained sequencing reads on an Illumina's HiSeq1500 automatic sequencer to a final coverage of about 60-fold from a paired-end library and about 60-fold from a Mate Pair library. We faced a clear failure of most assembly software used to achieve an assembly that would have an 'acceptable' N50 value for contigs. The most obvious explanation for this is the high number of repetitive sequences present in the genome of the Asian tiger mosquito 57 combined with the short length of the NGS sequence reads. After repeated attempts, we decided to settle on an assembly that was based on the merger of two sub-assemblies (Mi and So), each performed with one half of the 'short' paired end reads obtained that yielded the best results, and then try to improve it by further 'cleaning', i.e. removal of duplicate contigs (see Table 1 for assembly statistics).
We proceeded with the elimination of singletons with a length v100 nt (*52% of the total). Then all remaining contigs were aligned to each other using the nucmer application of the MUMmer package. 58 The contigs of Mi and So were then divided into four categories: (i) Contigs identical between Mi and So, (ii) Contigs in So fully contained within Mi contigs (identity 99%), (iii) Contigs in So which contained a Mi contig (identity 99%) and finally (iv) contigs that showed no or only partial overlap. We then removed from the assembly all Mi contigs that were identical to So contigs as well all Mi contigs that were contained within So contigs, a total of 3 152 748. Similarly, we also removed from the assembly 2 445 970 So contigs contained in Mi contigs, making sure that we did not remove contigs identical to previously removed Mi contigs from the first two steps. We therefore verified this and re-added those to the assembly (1 169 778 contigs).
At the end 5 326 714 contigs remained, which were then used as input to SOAPdeNovo for scaffolding. For scaffolding, the average insert size determined for the MP library was used. We calculated the distance between all the mate pairs we identified within contigs longer than 10 Kb and we determined an average distance between them of 3150 bp with a median value 2930 bp. Based on that, we used an insert size of 3000 bp for the scaffolding of the contigs to produce the pre-final assembly that we called MiSo 1.0. After analysing the MiSo 1.0 assembly for the presence of repetitive DNA segments, we finally removed from the assembly all contigs that had a length between 100 and 260 bp (see the BUSCO analysis, below), and finally called this assembly MiSo 1.01, which is the assembly that we used for annotation purposes. The relevant overall statistics of the assembly are shown in Table 1 .
At the time of writing this paper, we repeated the sizing of the MP library, this time using all contigs from the MiSo assembly that had a size of 3.5 Kb or larger (3120 contigs) and this led to an estimated average insert size of 2032 bp with a mean value of 2186 bp.
Evaluation of the fragmentation and completeness of the assembly
Given the computed low contig N50 number obtained for our assembly, we used an alternative approach for the evaluation of its completeness. This consisted of a BUSCO analysis, which is based on the determination of the presence, in a given assembled genome of a set of single copy orthologues. 28 In our case, we used BUSCOs from both A. gambiae and D. melanogaster, the closest species to A. albopictus for which such sets were available. The results are shown in Table 2 .
The fruit fly based analysis yielded results that were very similar to those obtained with the mosquito orthologues (less than 5% divergence) verifying the solidity of the methodology. The overall analysis with 2685 A. gambiae BUSCOS showed that 2662 (99.14%) of them were found in our assembly while 23 were missing. Of these positive BUSCOs, 1747 (or 65.63% of all present in the assembly) were found to produce single hits, while 925 (the remaining 34.37%) yielded multiple hits. As BUSCOS are ideally expected to produce single hits, the multiple-hit BUSCOs can only represent genes that are all present in the assembly, though exhibiting varying degrees of fragmentation.
Concerning the BUSCOs that yield no hit, one explanation is that they are missing from the assembly, but another acceptable explanation is that a missing BUSCO does not represent a priori, a problem in the assembly. For example, one A. gambiae BUSCO is also missing from the complete, version 6 assembly of the D. melanogaster genome, while in the opposite analysis, 21 fruit fly BUSCOs (0.68%) are missing from the A. gambiae assembled genome (not shown) that is based on a much more complete assembly than the one reported here. In addition to a given BUSCO being absent from the assembly, other reasons for such missing BUSCOs may be an extreme fragmentation of the gene, a gene that has undergone substantial sequence changes in evolution such that, although present in the genome, it no longer fulfils the criteria set for a positive result in the analysis; finally, a gene can always be missing even from an evolutionarily close relative. This latter explanation can be best exemplified by the fact that although v1% of the A. gambiae BUSCO orthologues are absent from the assembly, the percentage of missing BUSCOs goes up to 2.6 when the fruit fly orthologues are analysed (not shown). Finally, as stated, around one-third of all BUSCOs found in the assembled Asian tiger mosquito genome are found in more than one contig/scaffold, as a result of fragmentation of the genes in question. This fragmentation is certainly smaller for the BUSCOs that are present in larger contigs and scaffolds (10-15%).
We also performed the BUSCO analysis on subsets of the assembly, namely on scaffolds alone, on all contigs, and on all contigs longer that 2000 bp and those with a size ranging from 260 to 2000 bp. These data are also shown in Table 2 . Here, two interesting observations are worth mentioning. First, the higher frequency at which BUSCOs are found in large contigs, not unexpectedly, is *10| higher than the total average and, second, the rate of single to multiple hits is also highest for large contigs followed by BUSCOs found in scaffolds.
The results of the BUSCO analysis, taken together, show that the assembled A. albopictus genome can be used for the isolation of most protein-coding genes that are to be studied, although due to fragmentation, this may require some additional steps such as PCRbased isolation and additional sequencing steps.
Finally, the BUSCO analysis provides another significant piece of information. With only one exception, all A. gambiae BUSCOs present in the assembled genome are found in contigs and scaffolds that are longer than 260 bp, strongly suggesting that the high number of short contigs present in the assembly are comprised of sequences that do not code for proteins. Based on that and additional pieces of evidence such as the repeat masking and further computations (not shown) we decided, as briefly mentioned earlier, to include in the 'final' assembly only contigs that are longer than 260 bp as well as all scaffolds that were created.
We also performed a masking of repeats present in the assembly; the results are described in Table 3 . We have separated the total assembly in four categories, namely scaffolds, contigs between 261 and 2000 bp in length and contigs longer than 2,000 bp (the longest contig in the assembly has a length of 39 933 bp) as well as, naturally, the total assembly. Assembly 1.01 has a total length of *1.12 Gb (before scaffolding) and *1.97 after scaffolding using an average of 3,000 bp for the length of the insert of the MP library. The former number is relatively close to genome size determined by quantitative PCR (i.e. 0.94 Gb), while the latter is clearly much higher. Obviously, using the recalculated average distance of the Mate Pairs, the length would become approximately 0.2 Gb shorter. The masking resulted in *34.12% of the total length being tagged as representing repetitive sequences. Although the percentage of masked sequences is only 3% higher when the shorter contigs are examined, we have found that the percentage increases dramatically for the shortest contigs with a length of v260 bp (not shown); this reaffirms our decision to exclude them from the assembly 1.01 (see above). We stress, of course, that the masking of the repetitive segments of the assembly is certainly not complete. The software used as well as the libraries used by the software can certainly not be comprehensive, thus several such repetitive elements may have remained undetected. This will naturally affect the size of the computed genome size that will also be affected by all contigs still present in the assembly that are not unique.
Annotation
Repetitive sequence segments One of the problematic features of the project anticipated since its beginning was the large number of repeated sequences present in the genome of A. albopictus. The fact that older publications reported extremely varying sizes of the genome for wild specimens collected at different places and times made it probable that this was due to the massive expansion or loss of non-coding DNA, very possibly representing transposable elements. 57, 59 Since the differences of DNA content could between several populations be the result of the invasion process, we decided to address the issue in more detail. We approached the matter using the data obtained by the repeat masking of the assembly. A total of 27 501 repetitive segments were identified in the assembly that were non-identical; of those 797 were not further recognised through the databases used for the masking. These numbers represent a minimum of elements since if two or more copies of a DMELA and AGAMB refer to the D. melanogaster and A. gambiae BUSCOS, respectively. The first two rows show the number of hits detected when using the two sets of BUSCOS on the current assemblies of the fruit fly and the A. gambiae, while the next rows show the respective analysis performed on the A. albopictus assembly.
given sequence are present in the assembly, these will be counted as 1. The remaining hits contained several sequences derived from transposable elements known from other species, but also of sequences representing satellite DNA (97| or 5.4% of the assembly) and simple repeats (12 496| or 1.12% of the assembly). Table 4 shows the percentage of the assembly taken up by different classes/families. Interestingly, 22 contigs in the assembly were found to contain rDNA sequences, a family of genes that is known to be extremely difficult to be assembled correctly in WGS (Whole Genome Sequence) projects. 60 The most abundant elements of the 'Other' class of Table 4 includes (but is not limited to) the fruit fly elements 17.6, S, Doc, Bari1, piwi, F, TART and Asterix as well as the rice gypsy-type retrotransposon; these are listed in decreasing order of frequency identified, which, in no case, was higher that 0.2%. A recent publication reported the assembly of the 'repeatome' of A. albopictus. 20 In this case, the strain sequenced was from the island of La Réunion in the Indian Ocean, where the Asian tiger mosquito has also recently been established. In addition to the high number of repeats, a direct comparison is rendered difficult by the fact that the two studies used different software utilising different algorithms and databases for the identification of repeated sequences. Still, in the 12 families of repeated sequences that can be directly compared between the two strains, one can only distinguish a few differences that could be considered to be significant (see Table 4 ). With the possible exception of the LINE/LOA family whose members are more frequently encountered in the assembly of the strain from La Réunion all other differences in the frequency of transposable elements are not significant enough to pinpoint to a noteworthy variance. Finally, although the frequency of the satellite sequences in the two assemblies is clearly different (6.5 times higher in the Italian strain), we believe that this only represents a dissimilarity that has 'technical' reasons (i.e. software used) and does not reflect real biological differences.
Automatic annotation pipeline
The ab initio analysis led to the 'identification of 719 636 ORFs as well as a number of ''gene models'''. Given the relatively low N50 value for the assembly as well as the previously concluded BUSCO analysis, we were not able to determine a somewhat more accurate value for the number of 'genes' present in the A. albopictus genome. To remedy this, we checked all sequences longer than 50 bps reported in the gff output (6 154 839 out of a total 77 066 684) and subjected them to both BLASTN and TBLASTX analysis querying the set of transcripts of A. aegypti obtained from Vectorbase. The results are shown in Table 5 . The nucleotide searches indicate that the annotated genome contains 238 898 unique high scoring pairs (HSP) that are similar to 14 581 different A. aegypti transcripts with an identity that is higher than 80%. This value represents *77.34% of the total of A. aegypti genes. The value obtained from the TBL-ASTX analysis is *99.87% (18 815 with 14 822 to produce high scoring pairs longer than 50 bps). The fact that we miss approximately 0.13% of the genes in our assembly, based on the automatic annotation, could be interpreted as being due to a variety of reasons. The most obvious one, with a potentially biological significance, would be a divergence of the sequences due to changes that occurred throughout evolution, but technical reasons such as extreme fragmentation could also be blamed. Nevertheless, the values obtained at this level of analysis also suggest that our assembly is useful in identifying genes of A. albopictus. Significantly, this result also points to the high conservation between the two Aedes species on the level of the primary structure of the proteins encoded by the two genomes.
Annotation of specific genes: a potpourri of examples
tRNA genes The number of tRNA genes in a given genome varies tremendously from organism to organism. This is true not only when comparing species that are distantly related to each other but it is also the case for species that are part of the same genus or even represent sibling species as was shown in comparisons of the genomes of species in the genera Drosophila 61 and Anopheles. 57 In A. Aegypti, a total of 906 tRNA genes, including pseudogenes, have been reported for its annotated genome; 62 the corresponding number is indicated as 984 in VectorBase (see Table 6 ). In the present analysis, whose results are also shown in Table 6 , we identified 5852 tRNA genes, including 4094 pseudogenes. This extremely high number of genes includes 422 genes that encode tRNA-Gly, 432 tRNA-Ala and 276 tRNAMet genes. Significantly, in these three cases, 88.6, 76.9, and 73.9%, respectively, are found in small contigs with a length between 260 and 2000 bp. Since our overall data indicated that this part of the assembly contains a higher number of repetitive sequences and protein-coding genes are found at a lower frequency, we would like to speculate that these three classes of tRNA genes may be associated to specific families of repetitive sequences, which were not masked, for example transposable elements not present in the libraries used for masking. We should note that a disproportionately high number of tRNA-Ala genes are also found in the genome of A. aegypti. 62 Given the draft assembly, gene numbers are likely overestimates and will change as the assembly is improved.
Odorant binding protein and Odorant receptor genes A. albopictus, like most other mosquito species, relies on olfactory cues for host-seeking, blood-feeding and oviposition site detection. Insect olfaction is the result of a signal transduction cascade involving odorant binding proteins (OBPs) and odorant receptors (ORs), amongst others. The water-soluble OBPs bind odorant molecules that enter the pores of the sensilla and transport them through the lymph to activate the membrane-bound ORs. 63 In A. aegypti, 111 OBPs and 112 ORs have been identified. [45] [46] [47] Previous studies have identified a small number of OBPs [64] [65] [66] and only one OR 67 in A. albopictus.
Based on searches using the A. aegypti OBP and OR gene families, orthologues were identified for 110 and 98 A. aegypti OBPs and ORs, respectively (Tables S1 and S2). It was not possible to determine the actual number of OBPs and ORs present in the genome due to the extensive fragmentation of many of the genes. Fifty-four of the A. albopictus OBP sequences were complete, although the sequence often spanned more than one contig. Partial sequences were obtained for 56 OBP orthologues, for 25 of which, it was not possible to identify the region corresponding to the signal peptide, perhaps due to the higher variability of these regions compared to the rest of the gene.
Thirty-five of the OR sequences were complete (although two contained frame-shifts), again frequently spanning several different contigs; six of the complete ORs were identified in single contigs, whereas 12 were identified in single scaffolds. Twenty-one of the incomplete OR sequences lacked one or both termini and encoded conceptual polypeptides between 305 and 411 amino acids in length. Orthologues of 14 A. aegypti ORs (OR3, 5, 14, 16, 17, 28, 65, 96, 98, 103, 107, 114, 124 and 127) appear to have been lost in A. albopictus, however, a number of gene lineage expansions are clearly evident, for example, AaegOR60, AaegOR61 and AaegOR63 have at least two homologues in A. albopictus, whereas AaegOR70 has at least three.
Further analyses, currently in progress including transcriptome data, will help complete the A. albopictus OBP and OR repertoires and will open the way for the functional characterisation of these proteins with the aim of developing novel and effective attractants and repellents for monitoring and control.
Genes involved in chromatin condensation
Cytoplasmic Incompatibility is a phenomenon of conditional sterility observed in various insect species, which is caused by the symbiotic bacterium Wolbachia; CI is initiated in an embryo when male and female pronuclei originated from parents that exhibited a different Wolbachia infection pattern. Specifically, if females are uninfected or infected by a non-compatible Wolbachia strain, kariogamy fails and an embryo does not develop. CI can be exploited to produce functionally sterile males to be released against wild target populations as suppressive tool. 33 In addition, it has also been suggested as a method to spread genes of interest or useful physiological features into wild populations (as an example, resistance to pathogens). 68 Therefore, understanding the genetic basis of this phenomenon could have a profound impact on the exploitation of Wolbachia for genetic control of insect pests in both agriculture and medicine. Wolbachia is not present in mature sperm but it is known that male pronuclei are indirectly affected by its presence during spermatogenesis. 69 Although various studies have aimed at determining all factors implicated in CI, [70] [71] [72] no model that can fully describe the phenomenon has yet been developed. What is certainly known is that the embryonic death resulting from CI crosses is a consequence of improper paternal chromatin condensation leading to an abnormal migration of paternal chromosomes. This epigenetic modification has to be induced by Wolbachia before spermatid stage, when these bacteria are completely removed. Thus, we selected and analysed a series of A. aegypti genes known to be involved in chromatin condensation and whose orthologues were found to be differently expressed when Wolbachia is present or not in A. albopictus testes (Moretti et al., unpublished data).
Based on a TBLASTN analysis, summarised in Table S3 , A. aegypti orthologues mostly showed a significant sequence conservation in the genome assembly. The amino acid sequence identity referred to the single BLAST hits peaked in some cases at 100%. However, orthologues are generally scattered among different scaffolds/contigs (ranging 6-185). The best results regard two isoforms of the nucleosome assembly protein gene (Nap1) that are located in seven and six scaffolds/contigs, respectively, of the Fellini genome assembly. In the above cases, single scaffolds account for 63 and 99% of query coverage respectively with 32% of sequence identity in the former and 90% in the latter. In addition, regarding the first case, a contig was found to host a hit showing 95% similarity and representing 58% of the query coverage. Two chromatin accessibility complex (CHRAC) gene isoforms are also represented in a relatively low number of scaffolds/contigs of the genome. The analysis of the first gave seven hits, among which the best scoring showed 62% of query coverage and 97% of max identity. Eight hits characterise the second CHRAC gene isoform with the best hit showing just 24% query coverage and 87% maximum identity. The analysis of a second set of genes from D. melanogaster, known to be involved in chromatin regulation, also gave interesting results even though fewer hits were obtained generally with lower levels of query coverage and sequence identity (Table S4 ). The histonebinding protein Caf1 is significantly conserved in A. albopictus. A hit, out of 10, is located on a scaffold and showed 52% of query coverage and 97% of max sequence identity. An orthologue of the heterochromatin protein (HP1) was also found with 63% query coverage and 39% max identity. Again, the Nap1 protein mapped to the assembly, although with lower similarity compared to the two isoforms from A. aegypti (53% query coverage and 45% max identity referring to the best scored hit). Finally, three isoforms of a HIRA protein homologue were located in the assembly. The expression of this gene is already known to be downregulated by Wolbachia, possibly determining some of the cytological effects characterising the CI phenomenon. 70, 71 Based on the genes/proteins analysed in this work, future research will aim at identifying the main factors determining the sperm modifications responsible for the CI.
Sex-determination genes
As is the case in other culicine mosquitoes, A. albopictus lacks heteromorphic sex chromosomes. 73, 74 In this species the primary signal of sex determination seems to be a dominant male determining factor linked to the chromosome 1, according to A. aegypti-A. albopictus linkage maps. 75, 76 We initiated the search for the A. albopictus genes involved in sex determination using the fruit fly homologues as starting blocks. The results of this study are shown in Table S5 . A TBL-ASTN analysis revealed sequence conservation between Drosophila orthologues and A. albopictus putative genes in the genome assembly, amino acid sequence identity ranging from 44 to 98%. Only two genes (the homologues of dpn and vir) are located in a single scaffold/contig of the present genome assembly. The other orthologues are distributed among scattered scaffolds/contigs. However, for each gene we identified, although scattered, all the A. aegypti orthologous exons. The name, length and ORF strand of the scaffolds/contigs containing each of the A. albopictus orthologues, as well as links to Drosophila and A. aegypti orthologue annotations (Flybase/Ensembl) and scaffolds/contigs statistics, are reported in Table S5 . Interestingly, we have found that the male-specific and the female-specific dsx isoforms, similarly to A. aegypti, are conserved in A. albopictus (80 and 90%, respectively); moreover, A. aegypti and A. albopictus possess FRU orthologues sharing 90% identity. As previously described for A. aegypti and other mosquitoes, a tra orthologue seems to be absent in the A. albopictus genome, leaving open the question on the molecular nature of the upstream splicing regulator/regulators of dsx and fru genes in this mosquito species. The dsx and fru genomic regions of A. albopictus will provide a basis for an in-depth comparative search of these and other potential cis elements eventually conserved in Aedes mosquitoes. Finally, a very recent report 77 showed that the A. aegypti nix gene encoding a putative splicing factor related to Drosophila tra-2 seems to correspond to a Male determining factor only expressed in males. Aedes nix controls the dsx and fru male-specific splicing and interestingly it seems to be conserved in A. albopictus as a male-specific gene.
It is obviously conceivable that sex-specifically expressed genes such as dsx and fru, could be utilised to devise and apply biotechnological approaches for vector population suppression, proposed for other mosquito species. [78] [79] [80] Their usage in approaches such as SIT and similar techniques in which sex separation is involved obviously jumps to mind. 81 
Salivary gland genes
Mosquito saliva plays an important physiological role in blood feeding through its anti-platelet, anticlotting and vasodilatory activities, however it also affects pathogen transmission by virtue of its immuno-modulatory and anti-inflammatory properties. 82, 83 Salivary genes of blood feeding arthropods, perhaps also as a consequence of the host immune pressure, exhibit an accelerated evolutionary rate and this explains, at least in part, both the elevated diversification observed when comparing the salivary repertoires of anopheline to culicine mosquitoes and the presence of a substantial number of genus-specific salivary genes and gene families. 84, 85 A total of 68 putative secreted products, mostly found in adult female saliva or expressed in the salivary glands of both sexes, were identified in a previous A. albopictus sialotranscriptome analysis. 51 We selected 58 putatively secreted salivary proteins and searched the A. albopictus genome to proceed to manual annotation and obtain corresponding gene models. Genomic sequences encoding 35 fulllength salivary proteins, and including among others serine protease inhibitors, D7 and Antigen five family members, 34 kDa proteins, a salivary lysozyme and putative antimicrobials of the HHH family, were retrieved. For other 19 proteins only partial sequences could be obtained, whereas a short D7 family member (gi 56417443), two putative 13 kDa proteins (gi 56417419, gi 56417421) and a 7.6 kDa protein (gi 56417477) were found to be most likely alleles or alternative splicing products (not shown). The availability of the complete A. albopictus genome also allowed searching for orthologues of A. aegypti salivary proteins 52 not previously identified in the tiger mosquito. This way 52 novel putative secreted salivary proteins were identified in A. albopictus and among these 20 represent fulllength genes (Table S6 ). The availability of the complete salivary repertoire of A. albopictus will allow further functional studies and may help in developing reliable serological tools to evaluate human exposure to Aedes arboviral vectors, as previously done for Anopheles malaria vectors. 86, 87 miRNA-encoding genes The class of microRNAs (miRNAs) contains small, 22-23 nt long molecules that have been found to play crucial roles in regulating gene expression both in plants and metazoans. Several papers have dealt with the characterisation of miRNAs in mosquitoes, including A. albopictus. 88, 89 In the first referenced case a total of 104 miRNA species were identified while in the second referenced study 64 species were found; it should be stressed, though, that the latter study concerned the analysis of a cell line of the Asian tiger mosquito. In our analysis of the Assembly 1.01, we were able to discover a total of 93 miRNAs, of which 30 were characterised as novel. From those novel miRNAs, 26 have the same seed with a miRNA found in miRBase while four share no homology or similarity with any known miRNA stored in miRBase. The allocation of the miRNAs to three groups (male adult mosquitoes, sugar-and blood-fed adult females) was 84, 51 and 65, respectively. Naturally, some of the miRNAs were shared by the three groups; thus, 47 were common between male and sugar fed females, 47 between sugar fed and blood females while 57 between males and blood fed females. The miRNA genes identified are listed in Table S7 . Whether our analysis has identified all miRNA genes present in the genome studied cannot be assessed, but due to the small size of the genes we are confident that, no genes will remain undetermined due to the fragmentation reported earlier.
Conclusions
We reported here the summary of the whole genome sequencing project of A. albopictus. This assembled genome does not represent an optimal result; indeed, as was the case for A. aegypti, the genome of albopictus is comprised of a large proportion of repetitive DNA segments, including many transposable elements, a fact that makes an optimal assembly extremely tedious, if not impossible. In addition to that, of course, in contrast to the published A. aegypti, genome the A. albopictus genome was based entirely on NGS. Using this approach, the assembly into contigs of short sequences that are often repeated hundreds and thousands of times is an extremely difficult undertaking. Given the fact that the assembly, as it stands today, can be used to isolate and study most protein-coding genes it can, thus, be considered a milestone to be used to 'find one's way'. This is especially true when one keeps in mind the cost-benefit of such a project. The analysis of the genome did not provide any final clues as to the reasons of the dramatic differences seen in the size of the genomes of different strains of A. albopictus. It is more than probable that the high number of repetitive sequences (among which a large number of transposable elements) could be the cause for the differing genome size determined for this species. Whether the diversity only concerns, in this magnitude, specimens that have been collected in different parts of the globe, of whether it is also true for individuals that form part of the same population cannot be answered with the present data. We hope to be able to provide more precise answers when the three genomes that are currently near closure will be compared to each other. Finally, since our annotation had used the assembly 1.01, we reported these data in the present report, but we plan to release, in the near future, an updated assembly onto which the features presented here will be remapped, and which will be based on updated data such as, for example, the newly determined average insert size of the MP library. sequence, Francesca Marini and Angiola Desiderio who helped with the transcriptomic analysis of A. albopictus testes aiming at identifying Wolbachiainduced sperm modifications.
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